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The light output from a small incandescent lamp can be regulated by erﬂploying a photoconductive cell in a
~feedback loop. Two systems are described and analyzed. Drifts less than 0.07% are achievable.

INTRODUCTION

’/ I ‘HE need frequéntly exists for a regulated or stabilized
: light source in certain photodensitometry studies.

Small changes in light transmission of a test cell must be -

resolved and having a stabilized incident source simplifies

the lamp output. As another procedure, it is possible to
use a “programmable” power supply wherein the output

_ " voltage varies with the injected resistance.?

the procedures. It is generally possible to refer to a preset -
level prior to a measurement or use a double beam scheme

and refer to the secondary beam. However, these tech-
.niques are sometimes awkward when long time runs must .

be made. The output of an incandescent light source will
vary with the voltage raised to the 3.5 power and small -
variations in line voltage can change the light output -

significantly, With constant voltage supplied to a lamp, - '
“there will be an initial aging period followed by a slow -
decline of light output due to metal evaporation onto the - --

glass enclosure. These changes vary with-lamp construction -
and design and the No. 63, 3 candiepower lamp, was ©
selected for its most constant light output, based on .
manufacturer’s recommendations. ‘
Superimposed on the long term downward drift of light

output is a faster “noise” variation. This noise component -
p

of the light output can be mechanical or electrothermal in

origin. By examining the magnified image of a lamp fila- -

ment, temperature gradients are clearly visible. The coolest
portion is the outside surface of the coil windings and the
inside is the brightest and hottest. As filament turns
physically move, temperatures are redistributed and the
integrated light output can change. It is also possible that

 there will be a reaction on the power supply due toa change
" in resistance. A constant voltage source with a positive -~
temperature coefficient filament will result in a self- -

regulatory system due to degenerative electrothermal feed-

the form of a resistance variation and use this resistance :

bridge circuit and the error amplified to ultimately control

* Also Professor of Electrical Engineering, Rutgers University, -
New Brunswick, New Jersey.

! See Clairex Corporation Bulletin SOCL264A.

" to regulate the voltage. The resistance can be sensed in 2 B

1329

Consider the circuit shown in Fig. 1. The lamp is driven

by a double emitter follower from the unregulated 15 V
supply. A Wheatstone bridge circuit contains the CdS
_cell as one arm and the error voltage is amplified and direct '
_coupled to the lamp driver circuit. A Zener regulator
feeds the bridge and amplifier circuits since this is the
critical sensing portion of the circuit. By adjusting R, it is
possible to unbalance the bridge and set the initial light
output level.

With no illumination on the light cell, the output
voltage is a maximum (i.e., 10 V) and as the cell resistance
falls with illumination, the output voltage also-falls. The

" entire characteristic of the bridge amplifier circuit can be
described as :
¢y

where 99 is the output voltage, s is a sensitivity in volts

vo=Vo—sg,

. per mho, and g is a photocell conductance. The lamp light

output is approximated as

A=ayy",

@

where @ is a constant, v, is the lamp voltage, and the ex-
ponent # is roughly 3.5 in the normal operating region.
The cell conductance varies nearly linearly with A
(actually close to the 0.9 power); or
. g=b\=abyy", - 3)

‘where b includes cell geometry and location factors.

28123
2N 30/

Q, 0,
Qs

. 1ie. 1, A circuit diagram of the simple transistor regulator circuir, -
is shown. Since the circuit is direct coupled it is important thay
electrical and thermal stability be good. ,

* P’. Berman, Electronic Ind. 23, 47 (1964),
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back. A closed loop regulating system can minimize all - ,
output light variations., ) : o aA _Q{x , fax l
THEORY AND APPLICATION , ke
‘ . J
. By employing a cadmium sulfide! photoconductor cell pad % *® Jk Lomp #63 ‘. A
- as a sensor, it is possible to monitor the light output in 70K L
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F1c. 2. The control loop is shown (a), together with a graphical
interpretation of the operating point (b). The photocell characteristic
(A=g/b) intersects the lamp supply charactenistic Eq. (4) or Eq. (8)

" which are replaced by the linear approxxmatxon Eq. (5).

Solving these equations for the light output the result is
A= a(Vo—b)\s)" 24)

this equation is not in a useful form, although it does repre-
sent the operating point solution. Figure 2(b) graphically

indicates this solution for the feedback loop shown in

Eq. (2a). The supply-lamp characteristic is
 a=a(Vo—gs)", 4)

where g is the independent variable. Similarly the cell
characteristic is A=_g/b. In the vicinity of the operating
point, the supply-lamp characteristic can be represented

A=No—mg, - (5)

3 Harrison Laboratories PS# 855 or equivalent; 0-18 V, 0-1.5 A.
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m= d)x/dg—-—am(Vo—gs)"‘1 —Agns/ (Vo—ygs), . (6)

evaluated at the operating point (\=\,). This light level is -

Ae=Xo/ (1+4-mb),

and its sensitivity to a change in m is

1

d\/dm= —Xeb/ (1+mb)2. OB

. t
the product mb must be large to provide the best stability

and m depends on several factors. A sudden change in
lamp efficiency @ will be minimized by a large mb product.

Next, consider the application of a programmable power
supply for this application. Now the power supply charac-
teristic is Vo=£%/g, where k is in volts per ohm. As an
example, for a particular power supply® the program
characteristic is 1 volt per 100 ohms, corresponding to
k=1072 The light output characteristic is

A=a(k/g) o NH=a(k/s), ®

and it is an hyperbola as shown in Fig. 2(b). A similar

‘analysis applies now where

m=d\/dg=—an(k/g)"/g=—nN,/g. = (9)°

A large value of m is again required. By adjustiﬁg b, the

light cell coupling to the lamp, it should be possible to set
the initial light level. It is also possible to pad the program-
ming characteristic with resistance or select a cell which
will be compatible with the required lamp volteges for

‘near normal output (A,).

EXPERIMENTAL OBSERVATIONS

" F igure 3 is a recording of the light output under various

conditions. Light was measured by means of a photo-

‘voltaic cell. It is important to note that these cells are

temperature sensitive due to the internal leakage or .
shunting resistance. A small load resistance minimizes
this temperature sensitivity at the expense of output
level. Variations of the order of 19, per 5°C are possible.

F1c. 3. Observed light output
characteristics as measured
with a photocell are recorded
(10 min/box) for (A) a regu-
lated voltage source; (B) an
unregulated supply; and (C)
the circuit of Fig. 1.
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Region A corresponds to the lamp on a commercial regu-
lated power supply and the variations in A are apparent.
Region B is for an unregulated power supply set at 6 V.
In Region C, the unregulated power supply is set at 15 V
and supplied to the lamp via the light regulator of Fig. 1.
The light regulation is good. The best system resulted from
using the regulated commercial power supply in a program-
mable manner as described. Total variations of less than
0.079;, were observed after an initial warm-up period of
about one hour. The regulator must come to thermal
equilibrium after which the largest source of variation

was due to mechanical position changes and photocell

temperature variations. The CdS cells employed have
negligible resistance-temperature variation in the regions

used (i.e., 3% for 25°C variation). It can be expected that -

temperature control of the regulator circuit as well as
improved mechanical stability will result in more improved
regulator performance.
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Simultaneous Measurements of Optical Transmission and Reflection in Thin Films*:

P. F. VArapr ane J. R, SUFFREDINT

The Machlett Laboratories, In¢ .~
(Received 3 May 1965; ar..’

A monochromator modification was developed which » ..k

rated, S pringdale, Connecticut

..... ual form, 3 June 1965)

cs simultaneous measurements of the optical trans-

mission and reflection of thin films deposited in vacuum. Tlw measurements can be made with light incident from
either the substrate of the film or from the vacuum interface. The instrument is capable of working in the 0.4 to
2.30 u wavelength range. The measuring system, sample design, and experimental errors are discussed.

INTRODUCTION

HE measurements of transmission and reflection spec-
tra of thin evaporated layers have been performed
previously in two separate measurements.! In many experi-
- ments simultaneous monitoring of the transmission and
_ reflection properties of a thin layer is required. Such meas-
urements are necesééry, e.g., if the layer changes its optical
-characteristics.
. In our work a system was designed and tested which can
be adapted to standard monochromators, and which en-
" ables one to measure transmission and reflection spectra of
* thin films deposited on flat, transparent substrates or in
specially shaped evacuated chambers.

DESCRIPTION OF APPARATUS

i The monochromator utilized in our experiment was a
" Perkin-Elmer type 99 providing a constant energy, 13-
"ryt le « hopped monochromatic light beam at its exit slit.
“The 11it which we adapted for measuring transmission
and 1. lection spectra was the modification of the Perkm—

- Elmer “transfer optics.”
The P-E transfer optics consist of two first-surface flat
‘mirror< and a first-surface spherical mirror arranged as
shown in Fig. 1 to produce an image of the exit slit in free
“ space about 20 cm from the monochromator. This arrange-

: * The research reported in this paper was sponsored by the U, S. .
. Army Engineer Research and Development Laboratories, Fort Bel-

. voir, Virginia, under Contract number DA-44-009-AMC-442 (T

ment would permit the monochromatic light to pass sym-
metrically through a sample. The light is then collected by
an elliptical mirror and its intensity is measured by the
thermocouple detector (D).

As the monochromator has an internal reference ther-

mocouple detector which is used to provide a constant en--
ergy output, the readings obtained at the thermocouple

detector D, can be used directly to measure the transmis-
sion spectrum of materials placed in the path of the beam.

The modification of this system is also shown in Fig. 1.
The system shown there enables one to measure reflection

.as well as transmission spectra of thin evaporated layers

)

LIGHT
SOURCE SPHERICAL
MIRROR
ELLIPTICAL
-MIRROR
— e
'DETECTOR (D)
EXT (REFLECTANCE)
= f:
J TEST CELL
e
DETECTOR (D3)
(REFERENCE)
FIRST SURFACE — BEAM DETECTOR{D,)
ELL'PTICAL . FLAT MIRRORS SPLITTER { TRANSMISSION)
MIRROR .
MONOCHROMATOR

OPTICS
“(PERKIN-ELMER)

AT
*W. £ Spicer, Phys. R"Ad&&i’e%‘%r Release 2005/05/02 CIA- R’B?DH&SZ‘WG’&(%‘E%%%%S&"H“‘

5
T
i
Sl
. 1
“5




D Approved For Release 2005/05/02 : C|A-RDP78304770A0021oo@o@-}? 7/4 ;/

S:co» A2 R = WM)\M@QAW MTMM{JQ& w\,.ﬁ, @mgd

¥ “
d‘;”w«'ﬂ\ @ at gzegfr»'-b [
Uy

Z’ﬁzﬁfﬁet’u L[; fi{"[c ;@.f{?{@, loa. %m&;f‘-,m(ila,
. aéQo\ S/, s fmz«;/f Cord ot m«o}}é
‘7’L Ampfd‘: AQ., &[( m»,q,a o /@quLK/
Mamﬁ £ ook i el ot Cpgonitle
Lo peoc A \{;ﬁa B eff ,/H@w:ﬁ@:a-,,) ) (‘
oo dnid At o lovyer k
P Skt oo’
2, VL mljrmw;ﬁ,“ o4 ‘m\mm"'{“ PRYR VA, YO «{m o e
dﬁ**ﬁ\“i“ @m ,em/fiwp owaeW
lowvwm 'éﬁ)m«;\ CLQ‘ULPA STERYE %[aﬂ“ X’&f’ AF @l 6 3
poone St ovt de" i b g
dor Xy oleitrete dofer e
Decke 17w vl dirgl goibue
M ALP g ﬁL € 1{ CQ@JMA ig s (Q@w /f‘.u B
M«:Cgmm( ,s/:r”ﬂ,qm., (,uﬁc Ly&?\ Mcu Lthg

[
At / ° é
S VM, o AR & (‘,;J &a. A} fth A AS £ a. ; é\

D

[ (
£ é :
82 "v\ AT e AN e) Y a'! A Mnﬂ ) R g any

o L ,wamu ,u % N D H(

)’




- Approved For Release 2005/05/02 : CIA-RDP78B04770A002100010034-2

N , s, -r€h\ st reaordima h >’£~=

302 complile Yo b g on e el cachot
Jo

E‘LQQ,J gt rodobia oo, oepr o
A CRT, /e M:k./é‘_,q MQPMW

A b 0 weson wle Lo nﬁm,,,ﬁ,@‘.,,,,
fﬂw Sd wud i@m«» { leennia

mc Ty Qe Jpmid trding b At

Ap )
3" j\\hde»‘( s (o0 HX ’lvw e

4. CO”“‘{L/&‘*/ WMQ;Q Lo [‘\i{i“"’@mte Y WPALT B 3 J{:};}é

é@%‘ﬂfak {M AAAA A f@ (3 (@ ‘ /5") ,:muuﬁzj oy ybu-@u
%&\ Z e j/f;’,(




Approved For Release 2005/05/02 : CIA-RDP78B04770A002100010034-2

PN SPPEY for o

Approved For Release 2005/05/02 : CIA-RDP78B04770A002100010034-2




Approved For Release 2005/05/02 : CIA-RDP78,BO4770A0021,00010034-2

JRACIHIIEAYE SN

RS SRR SO

;~¢£9¢/W</5?72 gt o 2 MJM";‘W V/AM/Z"”
M’MW 7/»«»@4. SE737 e HET40 2615 /%7; ]

ﬁ ﬁwyz/fﬁ %/f/m MAWMWWW‘@

MW %WWWW”’*MM "/"’“
5« /UZ/M A gt Maf-/" M 3’% fﬂfwf&’ﬁ“"’“’ﬁj@
E WWM,J%%WW{D/M 477'/7“”‘4/9/”/%”
B
E.

- one ast5” /{‘:% A f/)’»‘\% 472«60%/ 47'Zé/ (-/-4&“’ M
_;_’fjéwudh w/fg,,?,,,,/ /_g%"/,ﬁ'ryw

i

T ! . .. - e "
o BN . L A
e : PR Ce
B . B : . B -
- . - N s —
. - . . i /
. . . e Ty
. S SRS . ,
. ; : ’ et LN
/ ¢ - . /
« ; . . . )

Approved For Release 2005/05/02 : CIA-RDP78B04770A002100010034-2

R i e
Pelgsc i
N




’ Approved For Release 2005/05/02 CIA RDP7SBO4770A0021000100342 .
L D MW ridlesgirmandi, ol Lo W
‘j 5 W«wﬂdnw% A7 3000 _scatd. Ctle  oesl aZ" - ,.;
:r- %Wé"v““ / Soov M/ /ZJMfm—/—a/:— W :
R M%%M@'W :
E?A'-.»WWW/%;? . zx«E/mmwQ/éZm

'-‘ : /5‘0 /M{j M/m (j\ e

Appr.oved For Rellea,se 2005/05/02 : CIA-RDP78B04770A002100010034-2




